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[57]  ABSTRACT

Covers a method of preparing diaminodiphenylme-

thanes and higher homologues thereof which comprises

the step of condensing aniline and formaldehyde in the
-presence of a silver tungstate catalyst.
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SILVER CATALYSTS USED TO PREPARE
POLYAMINOPOLYPHENYLMETHANES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of polyamlnes

2. Description of the Prior Art

The process of producing aromatic polyamrnes by
the reaction of aniline and formaldehyde is well known
and described for example in U.S. Pat. Ncs 2,683,730;
3,277,173; 3,344,162; and 3,362,979. By phosgenatrng
these amines the ccrrespondmg isocyanatés are Ob-
tained. The polyamines produced by the condensatlon
of aniline and formaldehyde usually consmt of a'mixture
of poly(methylenephenylamines) of functlonalrty
- greater than two and the 2,2', 2,4’ and 4,4’ isomers of
dramrnodlphenylmethane By reaction with phosgene a
correSpondmg mixture of polylsocyanates and dusocya-
nates is prepared which i is useful in producmg, for exam-
ple, polyurethane foam.

One mode of reactmg amlme w1th formaldehyde 1s o
effect this reaction in the presence of a strong mmeral
acid, such as hydrochlorlc acid. Here a reaction occurs
between the corresponding aniline hydrochloride and
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formaldehyde to provide a reaction mixture which,

upon neutralization with a base, may be treated to re-
cover the polyphenylarmnes This _process has left much
to be desired. For.example, it is necessary to utilize
large quantities of both a mmeral acid and.a base which
adversely affect the economrcs of the process and also

the ease of conducting the reaction. In addition, the use

of large quantltles of mineral acids and bases: presents a

severe corrosion . problem. .Also, the ‘1norganic salt -

formed poses envrronmental dlfﬁcultres with respect to
disposal and/or recovery. . .. ... . .
As an improvement to the conventlonal mmeral acrd
catalyzed aniline-formaldehyde condensatron use of a
solid acidic siliceous catalyst has: been- proposed (see
U.S. Pat. No. 3,362 ,979). This.is economically favorable
over the conventional hydrochloric acid catalyzed:pro-

cess since use.of large quantities of corrosive acid-and.

caustic are avoided. However, even this process has
some drawbacks, particularly, in-that the rate of reac-
tion 1s not. as rapid as desired and rearrangement of
product amines at conventional conditions is not.con-
sidered sufficiently complete. - | -

SUMMARY OF THE INVENTION

The invention relates to a process for makmg aro-
matic polyamines by the reaction of aniline and formal-
dehyde in the presence of a silver tungstate catalyst.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A method of preparing diaminodiphenylmethane and
higher homologues thereof has now been discovered.
The invention comprises the step of condensing aniline
and formaldehyde in the presence of a silver tungstate
catalyst. A mixture of products is produced which in-
cludes the diaminodiphenylmethane isomers compris-
ing the 2,2, 2,4’, and 4,4’ diamine isomers and higher
homologues thereof or polymethylene polyphenyl-
amines. The latter are higher molecular weight conden-
sation polymers of the formaldehyde and the aniline and
are considered homologues of the simple diaminodi-
phenylmethane isomers.
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Depending: upon reaction-conditions, amount of cata-
lyst employed, proportions:of-theé reactants, and other
variables-the- pI‘OpOI‘thHS of dlamlnes and higher poly-
amines present in the final, .reaction mixture may be
widely varied. However, usually the reaction mixture
contains-20-80 percent. by weight of diamine with the
remainder being higher polyamines thereof. More often

the percentage of diamines in the mixture is 30-70 per-

cent and most often ranges from about 35 to about 55
weight. percent. Correspondingly the polymeric prod-
ucts higher than the dimer products usually in the pre-
ferred embodiment range from the 30 to 70 percent by
weight, and most often range from about 45 to about 65
percent by werght Wrth respect to product distribution
of the dimer usually 1-10 percent by weight of total
dimer is the 2,2’ isomer, with. the remainder being 2,4’
and 4,4’ isomers Most often the content of dimer is 1-5

__percent 2,2 iso_rner with the remainder, or 95-99 per-
cent being 2,4’ and 4,4’ isomers, based on total dimer

content. Generally the higher molecular werght poly-

'methylene polyphenylpolyammes have an average

functlonallty of from about 2. 1 to about 3. 0 more often
2 2-2. 7. -
" The'silver tungstate catalyst 1 is a known materlal usu-
ally havmg the formula Agy WO4 although it can cxrst
m dlfferent molecular forms.

"The amount of catalyst used here may be varied ac-

'cordmg to the cholce of the experrmenter Usually,

S -

weight on anllme 1S employed More often, the amount
of catalyst utlllzed 1S 1 2 percent by welght based on
anllme weight. -

“In order to prepare ‘the ‘'methylene-bridged poly-
phenyI polyamlnes (term includes ' both * diaminodi-
phenylmethane isomers and higher homologues thereof
or higher polymers) the followmg process ccndltrons

are preferred.’

The molar ratio ‘of anlllne to -formaldehyde may be
varied within comparatively wide limits. Thus, for ex-
ample, from about 1 to about 10 mols of aniline may be

employed ‘per ‘mol' of formaldehyde. In general, at the

lower aniline: HCHO ratios, such as ratios of from
about 1:1 to about 2.5:1, the higher polymers will be
formed preferentially and the yield of higher polymers
is'in excess of the yield of dimer. However, as progres-
sively larger amounts of aniline are used,: the yield of
dimer is progressively increased at the expense of poly-
mer yield. Thus, with aniline to formaldehyde ratios of

. from about 3:1 to about 10:1 or more, the reaction prod-
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uct. will be composed primarily of the dimer. As indi-

. cated above, the dimer will be formed as a mixture of
- the2,4'- and 4,4'-diamine isomers. - f
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‘Formaldehyde may. be employed in any: of its'com-
mercially available forms. Thus, formalin, paraformal-
dehyde, “stabilized” methanol solutions of formalde-
hyde, etc., may be employed.

The reaction may be conducted in the presence or
absence of a solvent. When a solvent is to be employed,
it may be any of the conventionally known hydrocar-
bon solvents or chlorinated hydrocarbons, such as aro-
matic or aliphatic solvents boiling within the range from
about 100° to about 200° C. The solvent should be em-
ployed in an amount sufficient to provide a single phase
solution of the amine compound.

The reaction conditions to be employed may suitably
include a reaction temperature within the range of
about 100° to about 300° C., and more preferably within
the range of about 150° to about 250° C.
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Pressure is not particularly ‘critical with respect to the
process. However, the pressure should be sufficient to
provide for hiquid phase reaction conditions. Thus, pres-
sures ranging frcm atmOSpherlc up to 1000 pSIg may be
employed. |

The reaction proceeds smoothly under the above-
described conditions, and is normally substantially com-
plete upon addition of the formaldehyde. However,
because of the exothermic nature of the reaction, it is
normally preferable to add the formaldehyde at a rate
such that the desired reaction temperature can be main-
tained. It is normally possible to bring the reaction to
completlon within from about 5 minutes to about 8
hours in conventional equipment. More often the reac-
tion is complete in -4 hours. |

The polyaminopolyphenylmethanes of the present
invention are recovered from the reaction mixture by
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any desired means. They are conveniently recovered by

filtering the catalyst and removing water and excess
aniline under reduced pressure. The bottoms from these
operations will consist of diamine and polyamine in
proportions depending on the ratio of aniline to formal-
dehyde, as indicated above. If it s desired to separate
the diamine from the polyamine, this 1s easily accom-
plished by simple distillation whereby the diamine is
flashed from the nonvolatile polyamine residue. The
overhead product may be removed, for example, at
from about 170° C. to about 200° C. at about 0.5 to about

20

4
~The follcwmg example illustrates the process of the

invention. It is understood, of course, that this example
is merely illustrative, and that the invention is not to be

limited thereto.

In order to prepare the methylene brldged poly-
phenyl polyammes (term includes both diaminodi-
phenylmethane isomers and higher homologues thereof
or higher polymers) the following process conditions
are preferred. |

The molar ratio of aniline to formaldehyde may be
vartes within comparatively wide limits. Thus, for ex-
ample, from about 1 to about 10 mols of aniline may be
employed per mol of formaldehyde. In general, at the
lower aniline: HCHO ratios, such as ratios of from
about 1:1 to about 2.5:1, the higher polymers will be
formed preferentially and the yield of higher polymers
is in excess of the yield of dimer. However, as progres-
swely ]arger amounts of aniline are used, the yield of

dimer is progressively increased at the expense of poly-

mer yield. Thus, with aniline to formaldehyde ratios of

. from about 3:1 to about 10:1 or more, the reaction prod-

0.025 mm. Hg pressure and will consist essentially of ,5

diaminodiphenylmethane.

The dimer and higher products of the present inven-
tion are useful for a variety of purposes. For example,
they may be utilized as raw materials for the prcducticn
of the ccrreSpondlng polylsccyanates or used as such as
epoxy curing agents :

The advantages in using a silver tungstate catalyst in
the process of the invention are many and varied. In the
first place a more substantially rearranged product is
achieved in a desirable manner, compared to many
prior art catalysts used in this process. In addition, many
commonly used catalysts such as hydrochloric acid are
highly corrosive, whereas there is no indication here
that the catalysts used here are corrosive in any mannef.
Again, it has been found that the silver tungstate cata-
lyst 1s considerably more active than other known cata-
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lysts such as silica-alumina, which latter catalyst does, .

‘however, avoid the discussed problems of corrosion.
-Again, only small amounts of catalyst need be employed
and the catalyst is readily removed from the reaction
mixture by filtration. Surprisingly, relatively complete
rearrangement of product amine occurs at conditions
‘which, with silica-alumina catalyst, dc not- afford a
suitable product.
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uct will be composed primarily of the dimer. As indi-
cated above, the dimer will be formed as a mixture of
the 2,4'- and 4,4'-_diamine' 1Somers.

EXAMPLE 1

The a 1 liter stirred autoclave was added 366 ml
aniline (372. g, 4.0 moles) and 150 ml formalin (60.0
grams formaldehyde, 2.0 moles) and 3.7 grams Ag;
WOj4(1.0% by wt basis aniline charged). The clave was
flushed with Nz and heated to 200° C. and held there
with stirring for 1 hour. The filtered crude amine con-
tained no N-benzyl secondary amine and only 8.7%

'N-methyl secondary amine by NMR. GPC indicated

the crude amine contained 42.2% dimer and GLC indi-
cated 69.4% 4,4'-isomer present in the dimer portion of
the polymerlc amine. A control run with no catalyst
afforded amine with 32.8% secondary amine of the

N-benzyl type and 14.5% secondary amine of the N-

methyl type. Further, a control run with 1% silica alu-
mina catalyst (identical conditions to those used here)
afforded amine with 12.1% N-benzyl amine.

The invention is hereby claimed as follows:

1. A method of preparing dlammcdlphenylmethane
and higher homologues thereof which comprises the
step of condensing aniline and formaldehyde in the
presence of a silver tungstate catalyst.

2. The method of claim 1 wherein said catalyst is
present in an amount ranging from about 0.5 to about
3.0 percent by weight based on the welght of aniline
present.

3. The method of claim 2 whereln said catalyst pres-

ent in an amount of 1-2 percent by weight.
¥ * *x * X%
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